ABSTRACT
INTRODUCTION
India is swift developing economy, with a need for independent and reliable supply of electricity and to be a power sufficient country is one of its prime concerns. At present total installed capacity of electricity generation in India by large scale power plants is 132,110.21 MW and per capita electricity consumption in 2005-06 was about 631 KWH as calculated by CEA (Central Electricity Authority). This electric power consumption may be compared with other developed countries. Such as in U.S.A. per capita consumption of electric power is 13,338 KWH. The NEP (National Electricity Policy) decided that to make the country a developed country it is required the per capita consumption of electricity should be over 1000 units by 2012. Therefore, to achieve the objective of developed nation, large number of new power plant erection projects are currently in progress.
Power plants are numerous nature and out of these power plants TPP (thermal power plants) generates 64.7% of the total installed electricity power generation capacity. Because of their higher efficiency and reduced pollution emission gas turbine and CCPPs are becoming more and more attractive. India is spending a great amount of money to import the fuels, alternatively it could be used the in the development and growth of our country. In order to reduce power 68 shortage efforts are required to improve the performance of existing plants. The present work is concentrated on determination of the exergy destruction of each component of the CCPP, and comparison of exergy destruction in exhaust gas and each component of the plant by varying overall CPR and turbine inlet temperature (TIT).
In recent times, exergy analysis has been used by scores of researchers for analysis of thermal systems, especially for power plants (Caton, 2000) . Exergetic analysis is a part of thermodynamic analysis and it is based upon the second law of thermodynamics. Exergetic analysis takes care of energy, exergy and mass balance across each component. Therefore, with the help of this analysis it is possible to determine the magnitude of exergy and energy losses in different components. Exergetic analysis is based upon the entropy generation and it is stated in thermodynamics that every real time process increases the entropy of the universe. There are some real time processes which are responsible for entropy generation or exergy destruction. Dev et al (2012) stressed that it is the ambient temperature which decides the availability.
In literature (Dev et al., 2013a ) exergy is defined as maximum possible work potential of a thermal system w.r.t. the ambient environment being considered as the datum state. Any flow stream with a temperature higher or lower than ambient is capable of performing some useful work. The potential of work is further dependent upon the difference in between system and surrounding. In a system entropy generation is due to heat transfer through finite temperature difference (Dev et al., 2013a) , chemical reaction (Dev et al., 2013b) , mechanical friction (Dev et al., 2013c), mixing of fluids at different temperature (Dev et al., 2013a ) and vibration (Dev et al., 2013b) . In a CCPP chemical reaction in between air and fuel takes place in CC. The potential of chemical reaction and exergy destruction is based upon the Gibbs free energy. Friction is present in flow path due to surface tension of fluids (Dev et al., 2015) .
In the literature (Dev et al., 2014a; 2014b) it is also reported that reliability is also one of the most important parameter for the performance evaluation of the combined and cogeneration cycle power plants. One approach named as Graph Theoretic Approach (GTA) was used for the reliability analysis. This approach was extended further for the efficiency analysis also (Dev et al., 2015) . The results obtained with that methodology were in comparison to the results obtained with exergetic analysis.
Butcher and Reddy (2007) carried out 2 nd law analysis of a WHRB (waste heat recovery boiler) for different design and operating parameters. WHRB is used for steam generation in different industries. Therefore, it is required to analyse its performance. The temperature profiles across WHRB, work output, 2 nd law efficiency and entropy generation were the main parameters to be analysed. In literature many computational techniques are suggested for the gas turbine (GT) analysis. Ahmadi and Dincer (2011) used Non-dominated Sorting Genetic Algorithm (NSGA-II) for efficiency and multi-objective optimization of a GT power plant. The results were to improve the cycle performance. Khaliq and Kaushik (2004) analysed performance of a GT cogeneration system using exergetic analysis. Second law analysis was found to be useful for improving the cycle performance. In another work Kotowicz and Bartela (2010) considered the more than one parameters for the performance analysis. They carried out thermo-economic analysis by using genetic algorithm based optimization programme. 
CCPP SYSTEM DESCRIPTION
In the Figure 1 schematic diagram of a GT based CCPP with inlet air cooling and evaporative after cooling of the compressor discharge is represented. Ambient air is filtered, cooled and humidified in the air filter (AF), air humidifier (AH1) before it counter passes the inlet air to the low-pressure compressor (LPC) in the air cooler (AC), cooling the inlet air. Air at 3 is cooled to a temperature that is close to the wet bulb temperature at 1. Compressed air from the low pressure compressor at 4 is cooled to 5 in an indirect intercooler using ambient humidified air that is humidified in the air humidifier (AH2) and has a lower temperature than ambient temperature. This cooled air enters the high-pressure compressor (HPC) and is compressed from state 5 to state 6. The outlet air of HPC at 6 is heated in heat exchanger with the exhaust flue gas coming out from turbine. Ambient air at point 6 enters the regenerative type heat exchanger (HE), and it exchanges heat with power turbine (PT). Afterward exhaust at point 11 is heated at point 7 after gaining heat and it is supplied to CC where fuel i.e. CNG is burned, producing hot gases at point 8. The hot flue gases are expanded at point 9 in the high-pressure turbine (HPT) and achieve lower pressure and temperature before re-combusted in the re-heater, after which the reheat flue gases are expands through a PT to drive air compressor and turbo-generator. Part of the heat of hot exhaust gas is used in the HE, and part of this heat is utilized in the WHRB to generate steam, and hence to produce the process heat. 
MATHEMATICAL MODEL
Exergy analysis is the combination of the first and second laws of thermodynamics to evaluate the efficiencies of processes and devices. If the system operates in a steady-state, steady flow condition and all the nonreacting gases are arbitrarily assigned as zero thermo-mechanical enthalpy, entropy, and exergy at the condition of ambient pressure and temperature regardless of their chemical composition, then the entropy of mixing different gaseous components can be neglected, and the general exergy-balance equation is given by:
For single stream flow,
The mathematical equations for different components of the CCPP are tabulated in Table 1 . 
RESULTS AND DISCUSSION
In this work, the dependencies of first-law efficiency second-law efficiency and power-to-heat ratio (PHR) on the operating parameters: pressure ratio (r p ) and turbine inlet temperature (TIT) is examined with energy and exergy balance across each component of the CCPP represented in Figure 1 . Table 2 shows the variation of PHR, first law efficiency, and second-law efficiency for the proposed CCPP and simple gas turbine cycle with variation in compressor CPR from 12 to 52 at TIT=1600 K and RH=60%. As the CPR r p augment the compressor work is increased due to higher aerodynamic resistance forces. It results in raising the temperature at the compressor outlet due to absorption of higher work by the air. Air compressor and gas turbine are interconnected and interdependencies is in such a manner that both energy absorbed by air compressor and work generated by gas turbine are increased. Net result is dependent upon the increase in TIT also, if possible. Higher flow of the air is adjusted with the inlet guide vanes with increase in compression ratio. All the components of the cycle are interdependent. Therefore, as r p increases the air temperature at the creek of HE decreases, that reduces the facility of HE due to lesser amount of heat transfer. Hence, the flue gas temperature at HE outlet is augmented. As r p increases the power-to-heat ratio decreases, since at much higher CPR the process heat increases significantly. As the CPR increases, it is observed that air temperature at the inlet of the combustion chamber decreases due to decrease in capacity of the HE, domino effect in increasing the heat added. The ratio of net work output to the heat added represents the first-law efficiency of the cycle. Hence, as r p increases, the first-law and second law efficiencies of the CCPP is strong function at r p =36 with the values of 57.4% and 52.1% respectively ( Table 2) . Results obtained are in line with the available in literature. Additional increase in r p reduces the efficiencies significantly because, at much higher CPRs, air mass flow rate is to be increased to fulfill the net requirement of work. Increase in air flow rate at compressor inlet increases fuel addition in combustion chamber. Table 3 represents the deviation of the first-law, second-law efficiency, and PHR with the alteration in turbine inlet temperature at r p =36 and RH=60% for the proposed CCPP and simple gas turbine cycle. TIT is one of the most important design parameter. Its limiting value is dependent upon the thermal stress bearing capacity of gas turbine blade material. First stage turbine blades are more affected with the flue gas temperature than higher stage. Generally compressor of the gas turbine cycle is with seventeen stages of compression aerodynamic and gas turbine is with three stages of expansion. For a designed CPR and ambient relative humidity, the first-law and second-law efficiencies are added up due to better utilization of waste heat and increase in efficiency of gas turbine cycle. The increase in designed value of TIT enhances the heat transfer rate by absorbing greater heat from turbine exhaust in the heat exchanger, and hence the temperature of air inlet to the combustion chamber would increase, which in turn would increase the mean temperature of heat addition that leads to reduction of the cycle heat addition. Therefore, cycle efficiency increases with an increase in TIT. But the power-to-heat ratio decreases noticeably for the reason that increase in generation of process heat is greater than the electric power output at higher TIT (Table 3) . Table 4 gives an idea about the exergy destruction in each component of CCPP with the change in overall cycle pressure ratio (CPR) for TIT=1600 K and RH=60%. Results in the Table 4 represents exergy destruction in the combustion process and it is found that combustion process dominates the exergy destruction in CCPP, as expected; it represents over 60% of the total exergy destruction in the overall system. The exergy destruction in the regenerative HE is next in the line. As CPR increases, the exergy destruction in the CC and re-heater increases significantly. This is because the increase in CPR implies higher combustion pressure, which leads to larger destruction. As CPR increases the temperature at the inlet of the intercooler increases. Thus, the temperature gradient for heat transfer in it increases with higher CPR. This explains more exergy destruction in the intercooler for higher CPR. On the other hand, the exergy destruction in the regenerative HE decreases as the CPR increases. This is because the higher CPR consequences in the lower power turbine egress temperature as well as higher temperature at the inlet of the WHRB. As a result, the exergy destruction in the WHRB increases with higher CPR. As CPR increases, the exergy destruction in WH decreases because the gas temperature at the exit of the WHRB decreases for a given PP (pinch point) temperature. At a given TIT, as the CPR increases the exergy destruction in the compressor and turbine increases. The exergy destruction in AH and AC are constant because at all CPR it has been used for the same working condition. The exergy destruction in the evaporative after cooler increases as CPR increases. Results in Table 5 shows the disparity of exergy obliteration in every constituent of CCPP with the alteration in TIT at r p =36 and RH=60%. TIT is very much dependent upon the turbine blade material. For the higher cycle efficiency it is desired that TIT should be as high as possible. For higher TIT exergy destruction in the regenerative HE increases because the heat-transfer temperature gradient in it is also increased. It is discussed earlier that higher is the temperature difference amongst fluids more exergy is wasted. Constant heat transfer across higher temperature leads to higher exergy destruction in comparison to lower temperature gradient. It is due to higher degradation in energy quality. The exergy destruction in the CC and RH also increases because the logarithmic mean combustion temperature for the whole cycle increases. The exergy destruction in the WHRB increases because the temperature variation between the two heat exchanging fluids (flue gas and steam) increases, and for the designed CPR, more steam is generated by the WHRB with the higher TIT, which produces larger process heat. With increase in TIT the exergy destruction in WH decreases as the gas temperature at the exit of the WHRB decreases for a given pinch point temperature. The exergy destructions in AH, AC, EC, intercooler, AC, and power turbines are also shown in Table 5 and are constant. Again, CC and reheater are found to be a major source of irreversibility.
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CONCLUSION
The proposed CCPP in the present work is more complex than the simple cycle gas turbine cycle. It will increase the cost of installation and operation. For the life time cycle cost analysis represents that major part of it is due to fuel cost. Therefore, increased efficiency of the proposed CCPP will compensate for the installation and operation cost. Exergy analysis gives better insight into causes of cycle inefficiencies. Therefore, it is recommended to carry out energy and exergy analysis of a CCPP for the better understanding of the system. 
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